Phospholipids (PLs), as constituents of cell membranes, are present in various amounts in lipid-containing foods. PL intake is estimated to be 2-4 g per day (1-3), which amounts to approximately 10% of total dietary lipids (4, 5) . Growing evidence indicates that dietary PLs have beneficial effects compared with dietary triacylglycerols (TAGs), including prevention of dyslipidemia (6) (7) (8) (9) and fatty liver disease (10) (11) (12) (13) . In addition, dietary sphingomyelin (SM), classified together with glycerophospholipids (glyceroPLs) as PL, has beneficial effects such as prevention of early-stage colon cancer (14) and improvement of skin barrier function (15) . GlyceroPLs are composed of hydrophobic (e.g. fatty acids) and hydrophilic (e.g. choline, ethanolamine, inositol or serine) components, which may be responsible for their physiological function. However, limited information is available regarding the absolute intake of phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylinositol (PI), phosphatidylserine (PS), lysophosphatidylcholine (LPC) and SM among Japanese people from their diet and food sources.
One-day or one-meal intake of dietary ingredients has been estimated from food composition tables, that is, built up from nutrients of food composition to be applied to nutritional guidance (Build-up method). Calculation, with a nutrient calculation software, of the intake of nutrients of the food composition table is in accordance with real values (16) . Although contents of functional ingredients, such as PLs or polyphenols, have not been described in the food composition tables, researchers have to sum their contents in foods listed in the literature. In fact, the intake of a food material rich in a specific ingredient, such as in polyphenols (17, 18) or flavonoids, has been estimated as one-day or one-meal intake. However, ingredients such as PLs, especially PC, are contained in many types of food material. Given that dietary PLs have beneficial effects on health, from the viewpoint of food choices, it is important information how much we actually eat of them and what kinds of food are their supply sources.
In the present study, we quantified the contents of PC, PE, PI, PS, LPC, and SM in 120 meal samples (breakfast, two types of lunch, and dinner for 30 d) served in a Japanese company's dormitory and cafeteria. Participants were men, approximately 30 y old that lived in the dormitory. We performed stepwise multiple regression analysis to identify determinants (food groups) of each PL molecular class content. In addition, we measured the weight of each food group and estimated the contents of nutrients in the samples using nutrient calculation software.
MATERIALS AND METHODS

Meal samples.
A total of 120 meal samples (breakfast, two types of lunch, and dinner for 30 d) served in a Japanese company's dormitory (NTT West Kyushu Corporation, Fukuoka, Japan) and cafeteria (TelWell West Nippon Kyushu Corporation, Fukuoka, Japan) from May to October 2015 were purchased and then examined. Meal samples were photographed and then each ingredient was weighed. The menus of the samples and the number of lunch sales are shown in Table S1 (Supplemental Online Materials). The contents of each food group in the samples are shown in Table 1 . The calorie and nutrient contents of the samples were estimated using Excel Eiyou-kun ver. 7.0 (Kenpaku-sha, Tokyo, Japan). Each mean value in the samples was compared with data from the National Health and Nutrition Survey (NHNS) Japan, 2015 (mean values for people older than 20 y old) (http://www.mhlw.go.jp/bunya/kenkou/ eiyou/dL/h27-houkoku.pdf) and the Dietary Reference Intakes for Japanese (2015 revision) (median values for people older than 18 y old) (http://www.mhlw.go.jp/stf/ shingi/0000041824.html) (Fig. 1) . Similarity of nutrient patterns in the meal samples between the present study and information in NHNS Japan, 2015 was evaluated by the cosine similarity, when these two data sets were regarded as vectors. According to the definition of the dot product for two vectors, the cosine similarity (cos) that represents similarity in orientations of the two vectors is calculated with Excel as follows:
where a i and b i are the components of the vectors (each value in nutrients) and n is the number of nutrients.
The contents (per day) of each food group and nutrient were calculated based on the contents of breakfast, lunch (adjusted for the number of sales) and dinner. The samples were stored at 280˚C until analysis.
Lipid extraction. The meal samples, except for rice, were homogenized in a food mixer (MX-X700-T, Panasonic Corporation, Osaka, Japan). Rice samples were added to water and then homogenized. Total lipids were extracted from samples with chloroform : methanol (2 : 1, v/v) (19) containing 0.01% (w/v) butylated hydrox y toluene (BHT) (Nacalai Tesque, Inc., Kyoto, Japan).
Analysis of triacylglycerols and phospholipids in meal samples. TAG contents in meal samples were measured using a commercial enzyme assay kit (Triglyceride E-Test, Wako Pure Chemical Industries, Ltd., Tokyo, Japan). PLs were separated by thin-layer chromatography on silica gel G (25 TLC plate 20320 cm, Merck, Darmstadt, Germany) using a one-dimensional multiple development technique (20) . Briefly, plates containing meal lipid extracts were developed up to 10 cm from the bottom with n-hexane : diethyl ether : acetic acid (80 : 20 : 2, v/v/v) and evaporated under a hood, followed by drying in vacuo for 10 min. Plates were then re-developed up to the top (20 cm) with chloroform : methanol : acetic acid : formic acid : water (35 : 15 : 6 :
Following evaporation, plates were evenly sprayed with 0.001% (w/v) primuline solution, and then visualized under ultraviolet light. LPC, SM, PC, PI1PS (separation of PI from PS is technically challenging) and PE were stripped from each area. The contents of LPC, SM, PC, PI1PS, PE, and total PL in the samples were measured with phosphorus quantification (21) . The contents of each PL molecular class were calculated according to the phosphorus contents using the molecular weight of each PL class. The molecular weight of each PL and conversion factors from phosphorus to each PL molecular class are shown in Table 2 . Statistical analysis. Statistical analysis was performed using the SPSS ver. 22 software package for Windows (SPSS Inc., Japan). Data are expressed as the mean6standard deviation (SD), median, minimum value, and maximum value. Stepwise multiple regression analysis was performed to explore determinants (food groups) of various PL molecular classes. Thirteen food groups (cereals, potatoes and starches, nuts and seeds, vegetables, fruits, mushrooms, algae, pulses, fish and shellfish, meat, eggs, milk, and fats and oils) were included as predictors in the original model. p values less than 0.01 and adjusted R 2 values more than 0.5 were considered significant for the regression analysis. The variance inflation factor (VIF) was used to detect multicollinearities between the independent variables of a model (22) . VIF less than 5 is considered to be acceptable. The Durbin-Watson ratio was used to detect the presence of autocorrelation in a model. Durbin-Watson ratios between 1.5 and 2.5 are considered to be acceptable. Normality of residuals in multiple regression models was assessed with the Shapiro-Wilk test.
RESULTS
Comparison of the estimated calorie and nutrient contents between data from our study and data from NHNS Japan, 2015 and the Dietary Reference Intakes for Japanese (2015 revision)
The cosine similarity of the estimated contents of three major nutrients (proteins, lipids, and carbohydrates), fat-soluble vitamins (vitamin A, D, E, and K), water-soluble vitamins (vitamin B1, B2, B6, B12, and C, niacin, folic acid, and pantothenic acid), and minerals (sodium, potassium, calcium, magnesium, phosphorus, iron, zinc, and copper) between our study and the nutritional intake of NHNS Japan, 2015 showed high scores at 1.000, 0.999, 1.000, and 1.000, respectively. The estimated calorie and nutrient contents in our study were higher than those from the NHNS Japan, 2015 (Fig. 1) . Except for the estimated calories and calcium contents, data from our study were consistent with the Dietary Reference Intakes for Japanese (2015 revision) (Fig. 1) . Table 3 summarizes the contents of TAG and PL molecular classes. The daily intake (mean value) of TAG, total PL, PC, PE, PI1PS, LPC, and SM were 53.0, 4.44, 2.17, 0.632, 0.123, 0.313, and 0.127 g/d, respectively. In addition, as shown in Table 3 , the ratios of each PL The contents of total lipids were calculated as the sum of TAG and total PL. values more than 0.5 for total PL, PC, and PE were obtained ( Table 4 ). As shown in Table 4 , multiple regression models for total PL, PC, and PE showed VIF values below 5. In addition, Durbin-Watson ratios in multiple regression models for total PL, PC, and PE were 1.602, 1.546, and 1.711, which were within the acceptable range (1.5-2.5). The adjusted R 2 value in a multiple regression model for total PL contents was 0.757 (p,0.001), and the contents of (in order of decreasing b coefficient) eggs, meat, fish and shellfish, milk, pulses, fruits, mushrooms, cereals, and fats and oils contributed to the source of total PL. In addition, the adjusted R 2 value in a multiple regression model for PC contents was 0.788 (p,0.001), and the contents of (in order of decreasing b coefficient) eggs, meat, milk, fish and shellfish, pulses, fruits, mushrooms, cereals, and fats and oils contributed to the source of PC. Additionally, the adjusted R 2 value in a multiple regression model for PE contents was 0.625 (p,0.001), and the contents of (in order of decreasing b coefficient) eggs, pulses, and mushrooms contributed to the source of PE. In contrast, good multiple regression models for PI1PS, LPC, and SM could not be obtained in our study (data not shown).
The contents of triacylglycerol and each phospholipid molecular class in the meal samples
DISCUSSION
In the present study, we quantified the contents of PC, PE, PI1PS, LPC, and SM in 120 meal samples served in a Japanese company's dormitory and cafeteria, and the daily intake was calculated. Table 5 shows the daily intake of PL molecular classes from previous studies together with our data. Little has been reported on the daily intake and meal contents of LPC, PI, and PS. As shown in Table 5 , our results regarding the meal contents (daily intake) of total PL, PC, PE, and SM were consistent with several previous reports (1-3, 23) . In the present study, unfortunately, we could not separate PI and PS by TLC and obtain the meal contents (daily intake) of PI and PS separately. Further studies are required to examine PI and PS intake in more detail.
Among dietary PL molecular classes, PC and SM are important choline sources. It is known that bioavailability of choline is higher when ingested as PC rather than as free choline (24) . Choline is an essential nutrient required for signaling functions of cell membranes, cholinergic neurotransmission, lipid transport from the liver, and epigenetic regulation of gene expression (25, 26) . In 1998, the Institute of Medicine in the U.S. recommended that dietary reference intakes should include the adequate intake (AI) of choline required by humans (550 mg/d for adult men, 450 mg/d for adult women) (27) . Although we could not measure the contents of free choline in meal samples, conversion of PC and SM contents, in this study, into "choline" contents showed an approximate intake of 300 mg/d. Therefore, in this study, meal contents (daily intake) of PC and SM alone did not meet choline AI. Analysis of choline concentrations of 145 types of food by Zeisel et al. showed that many types of food contained not only PC but also free choline (28) . Thus, it is considered that the daily intake of free choline, in addition to PC and SM may meet choline AI. Furthermore, in clinical studies, several reports regarding the effects of lecithin administration on blood lipid profile demonstrated a reduction in TAG, total cholesterol and low-density lipoprotein (LDL)-cholesterol levels, and an increase in high-density lipoprotein (HDL)-cholesterol levels in patients with hyperlipidemia (29, 30) , diabetes (31), or patients with hyperlipidemia on dialysis (32). Brook et al. (29) . PI administration with food significantly affected the plasma levels of HDL-cholesterol and TAG in individuals. PI administration caused a dose-dependent increase in plasma HDLcholesterol levels. In contrast, participants that received the high dose of PI also showed a significant decrease in plasma TAG levels. Currently, global consumption of lipids including PL is decreasing due to the widespread use of low fat products (5) . Taken together, we conclude that the current consumption of PL is insufficient to exert any beneficial effects associated with dietary PL. It would be of interest to examine in the future whether the increase in dietary PL intake or the increase in the proportion of dietary PL in dietary lipids is beneficial for human health.
It is well known that eggs, meat, fish, shellfish, cereal grains, and oilseeds contain relatively high amounts of PL, while leafy vegetables, fruits, and tubers contain relatively low levels (4, 36) . Even though these types of food contribute to PC supply, they also contain PE, LPC, and SM whereas they are scarce in PI and PS. Therefore, in this study, we tried to identify predictors (food groups) of dietary PL molecular classes in the Japanese diet using a stepwise multiple regression analysis. Unfortunately, none of the food groups was selected as an independent determinant of the daily intake of PI1PS, LPC, or SM. In contrast, as shown in Table 5 , the contents of eggs, meat, fish and shellfish, milk, pulses, fruits, mushrooms, cereals, and fats and oils were independently associated with the daily intake of total PL (adjusted Additionally, the contents of eggs, pulses, and mushrooms were independently associated with the daily intake of PE (adjusted R 2 50.625, p,0.001). In particular, eggs (b coefficient 0.7) were the largest source of PL, PC and PE in the Japanese diet. This multiple regression analysis showed that mushrooms may also be part of the PL source, in addition to previously reported sources.
In the present study, using the nutrient calculation software, we estimated the mean contents of nutrients in meal samples served in a Japanese company's dormitory and cafeteria, and then directly compared them with nutritional intake of the NHNS Japan, 2015 (Fig.  1) . The cosine similarity between nutrient contents between the present study and the nutritional intake of NHNS Japan, 2015 showed high scores at 0.999-1.000. Therefore, we consider that our food survey strongly reflects the food intake of Japanese people. However, the food survey in the present study targeted the meals of Japanese people between 20 and 60 y old. Thus, it is necessary to examine the meals of Japanese people of all ages (from infants to elderly people).
In conclusion, our results determined the daily intake of each PL molecular class from the Japanese people and the food sources of PC and PE, and suggested that multiple regression analysis is useful for the prediction of food sources of bioactive components. Our data will be valuable as additional baseline data on PL intake among Japanese people and for future research focused on the relationship between the daily intake of various PL molecules and their health benefits for humans. Table 5 . Characteristics of the present study and the previous reports on daily intakes of phospholipid molecular classes. Converted the unit from "mmol/d" to "g/d" using the conversion factor in Table 2. n.d., not determined; n.r., not represented.
